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Animal experiments
Katahdin sheep were obtained between gestation days 140 and 145 (on average, this breed delivers lambs around day 147) of their first or second pregnancies. On the day of study, up to 256 MRI markers were applied to the abdomen and lower back of the sheep, and MRI was performed on a 3T Siemens Prisma using radial VIBE (Volume Interpolated Breath-hold Examination) fast T1-weighted sequence with a spatial resolution of 1 mm x 1 mm x 3 mm. The body-uterus geometry was segmented with commercial software (Thermo Scientific Amira Software). The sheep was then transferred to the operating room. We surgically exposed the uterus, placed a sock containing up to 128 electrodes over the uterus, and re-positioned the uterus back in the body cavity. Additionally, unipolar electrodes were placed at the locations of the MRI markers (See detailed electrode locations  on body and uterine surfaces in DataS1). Reference electrodes were placed on the upper abdomen area, far away from the body surface electrodes. After administering oxytocin and visually confirming the induction of uterine contractions by two obstetricians and one veterinary surgeon, we measured electrical activity from the uterine surface. The BioSemi acquisition system simultaneously sampled the uterine surface and body surface electrodes at 2 kHz with 24-bit resolution.
Signal Processing 
The raw uterine electrical recordings were filtered with a fourth-order Butterworth notch filter (stop band at 0 – 0.5 Hz and 59.5 – 60.5 Hz) and then filtered with a 40 Hz Butterworth low-pass filter to remove baseline drift and high-frequency electromagnetic interaction noise. The resulting recordings were then down-sampled by 20 and filtered with a 10 Hz low-pass filter. The signals from electrodes with poor electrode-skin contact and those that were polluted by artifacts were discarded.
EMMI-reconstructed electrograms and isochrone maps
EMMI reconstructed uterine surface potentials were organized as a four-dimensional data set. For each uterine site, the one-dimensional temporal potential signal was organized as an electrogram. The activation time at each uterine site was defined as the time when an EMG burst cluster started in an observation window. If no EMG burst was detected during the observation window, the activation time was labeled as "inf" [1]. An isochrone map, reflecting the uterine activation sequence, was constructed by assembling the activation times from all uterine sites during an observation window.
Simulation of body-uterus geometry deformation
To simulate Type I and Type II kicks, a customized MATLAB function was developed using the Laplacian-based deformation method [2,3] (Figure 2a). This method uses an intrinsic feature of surface geometry (mesh), the Laplacian-coordinate, to efficiently and locally modify surface geometry. This method is widely used in computer graphics and is convenient for implementation [4–6]. Here, the Laplacian deformation was applied to the original body-uterus geometry with different deformation ratios to simulate local deformations of varying severities. 
To simplify contraction and fetal/maternal movement (global deformations) simulations, the body surface geometry was unchanged, but the uterus was globally deformed (Figure 2b). Because uterine contraction causes the uterine volume to decrease and to compress toward the birth canal, the simulation modifies the uterine geometry with respect to the cervix at different deformation ratios. The uterine geometry deformation caused by fetal/maternal movement was simulated to be global and random. In these simulations, the uterine surface was deformed outwards or inwards toward the center of the uterus with a protrusion/indentation distance  that satisfied Gaussian distribution. The mean of  was  and the standard deviation of  was , where  was the range of . Different  values were set to simulate different deformation severities. The  sites where electrodes were placed on the left side of the uterus were close to the body surface (the sheep was lying on its left side) and thus were not altered in the simulated deformation. In data shown in Figure 5, the  electrograms from these sites were not included in the error evaluation of fetal/maternal movement but were included in evaluations of Type I kick, Type II kick, and contraction.
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